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* BESSY Il storage ring Corssv

scheme of the storage ring time structure:
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Coherent radiation from electron bunches @ssv

electron bunch length power vers number log (photon flux)
of electrons A FIR detector window
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N=number of electrons, f=form factor
f= power spectrum of longitudinal bunch density
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. Coherent Radiation from Electron Bunches @EE?

low alpha optics: dL/L=Udp/p
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dedicated optics for bunch manipulation
- bunch length from 5mm to ~1Tmm (rms)
- deviation from Gaussian shape
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* o

example: alpha dependency on momentum

synchrotron tune a s a function
of the rf frequency

dots=experimental values,
line=reconstructed from derived alpha values

alpha a s a function of the
momentum deviation

see PAC-1999 Feikes & Wuestefeld
for the method of the measurement
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* experimental set up O

IRIS beamline

FIR diagnostic port

solar stop filter ) ,
. - refocussing mirror

InSh-hot -]
electr.-bolometer

IR-+visible

[shield wall

acceptance 10 mrad2

FTIR spectrometer

acceptance 40x60 mrad2
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LHe-cooled detectors @EE?
Si-bolometer (IRIS) (1 ms

CSR in user optics, bursting emission
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. L He-cooled detectors @ssv

InSbh-bolometer 111 ps

CSR low alpha mode

CSR user optics mode

steady state emission bursting emission
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see Phys. Rev. Lett. 88, 2548011-2548b14, 2002
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. L He-cooled detectors @asv

InSb-bolometer 111 pys

user optics: burstings CSR emission

"~ fime [ovsidv]
time resolved burst time-averaged bursts

correlation between
adjacent bursts

- ! (c)
time [500pus/div]
see Phys. Rev. Lett. 88, 2548011-2548014, 2002
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. L He-cooled detectors @EE?

X-rays
— FIR
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characterization of the radiation @Eav

o measured spectral content
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characterization of the radiation @EE?

current threshold of the powerspectrum
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characterization of the radiation @Eav
spectral dependency on basic parameters

rf-voltage and energy [-dependency
dependence of the spectra

SRR . o o ———————————————————————— 400 ! ! | !
- F a) : Normalized by I**2  1.19 GeV 23[A )
T 10 b L 1.36.GeV. 65TA
goE 144 Gev THIR
i 1 ﬁ CeV 730A 7
vofF % ; 3 % "'T:;ESZ Gev 75 A i
O g P e NNTESA NG 1170, Gev. 100 TA ;3
E 2 - -
—‘\
0
,2 :\ | | | ‘ | | | | ‘ | | | | \ | | | | \ | 1 1 1 \ 1 1 1 1

0 10 20 30 40 50 60
(j 20 7 """ b > """""""""" SODAbunchcurrent """ 1’3’66”W """""
% 15 1
(l;:
€% energy 1.7 - 1.19 GeV, fs(max)=1.9kHz
10
8 " - 10 times more power changing
5 ° rf-voltage 0.6 keV - 1.3 keV
5 2° fs(max)=1.1kHz, 1=0.05mA/bunch
B O L ‘ L L L L ‘ L L L L ‘ L L L L ‘ L L 777 ‘

C 11 1 T R
0 10 20 30 40 50 60

- 14 times enhancement changing
the Ofrom 110° to 04 10°

wavenumber / cm™

@EHE". sssss  Albert. -Einstein. -Stralte 15 , 12489 Berlin, , Germany G.Wiistefeld, CSR in Storage Rings, Napa, 28.10.2002, p1m



characterization of the radiation @55?

power spectra generated by different beam optics
and at different currents

power spectra in
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characterization of the radiation @Eav

CSR brillance compared with Hg-lamp

coherant FIR aynchrotron rackationHyg arc lamp
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up to 1000 more THz power
can be focussed to a 2 mm
aperture compared to Hg-lamp

CSR polarization at FIR diagnostic port
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coherent radiation shows 98%
polarization degree in the ring
level as expected for incohe-
rent radiation
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. beam diagnostics with THz radiation @as?

detecting electron beam instabilities and thresholds. Transition
of periodic to chaotic bursting in single bunch mode

current [mA]
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InSb-detector (BESSY, at Di-
agnostic Beamline) normal

user optics with synchrotron
frequency of 7.2 kHz. Transi-
tion from periodic bursting to
bursting with increasing current
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= beam diagnostics with THz radiation @ssv

comments to foils 17 to 20:

on the following foils single bunch threshold currents

for periodic and bursting THz radiation are shown. The
different records were performed at different alpha values,
indicated by the synchrotron frequency fs:

foil 17 at 7.2 kHz
foil 18 at 5 kHz
foil 19 at 3 kHz
foil 20 at 2.1 kHz

the vertical axis is the single bunch current, the horizontal

axis is the frequency span in MHz (not in kHz as printed

on the foil), a fixed interval of plus/minus 50 kHz. The

signals are recorded with an InSb detector at the revolution
frequency of the single bunch of 1.25 Mhz. Sidebands of

the revolution frequency are visible, indicating bunch instabilities
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. CSR at BESSY || @}ss?

Single bunch CSR-signal at 1.25 MHz and ~56Hz bandwidth
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threshold and inEensity as a function of the bunch
current and different synchrotron frequencies

0.08

fit to the current threshold as a
function of the synchrotron frequency

O leain dala & — D06 —
U Specium analyzer ] N
N T AT ,E, .

threshald current {mA)
signal

0.04 —_

wils=on
o1 -
! synchridron fraguenay FikHz) 2 W|S=Off n
in agreement with Stupakov & Heifets, fs=7.2kHZ n

PRST-AB 5, 054402 (2002) 0.02

current (mA)

ﬁ:u =y
- BESSY, Albert-Einstein-StraRe 15, 12489 Berlin, Germany

G.Wiistefeld, CSR in Storage Rings, Napa, 28.10.2002, p.21



- CSR at BESSY || @ss?

single bunch CSR-intensity and threshold
at 1.25MHz and 300Hz bandwidth
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* CSR at BESSY Il O

Beam and instability parameters for ALS and BESSY li
see Stupakov & Heifets, PRST-AB 5, 054402, 2002

ALS BESSY I
E/GeV 1.5 1.7
] 1.4E-3 0.73E-3
[] TE-4 7E-4
<R>/m 31.3 38.2
R/m 4 4.35
b/cm 1 1.75
lb/mA 30 15
[t/lem 0.7 0.5
(/m 1.2E3 1.6E3
R/b 400 250
R/(20**1.5) 4.7E-5 3.4E-5
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= conclusion @55?

stable CSR at electron storage rings opens a new,
very promizing technique of THz generation

- spectral range 5 - 50 1/cm

- power during pulse > 2.5 Watt (stable CSR)

- avarage power ~ 1 mWatt (stable CSR)

- short pulses of ~3 ps-rms-length

with increasing bunch current the CSR power growths,
approaching the bursting threshold the CSR emission is
- stable - periodic bursting - stochastic bursting
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